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EXECUTIVE SUMMARY
This paper examines the research into bicycle safety carried out in Australia with a particular
focus on the main themes running through the recent literature. Such themes are assessment of
exposure to risk and the impact of specific campaigns or government policies aimed at
reducing that risk mainly through behavioural changes. The research can be set in an overall
framework for safety issues based on a number of key questions:
• who makes decisions about safety and how do they evaluate those decisions?
• how safe is cycling generally and how costly are crashes involving bicycles?
• what makes cycling more or less safe?
• what can be done to reduce the number of crashes?
• what can be done to reduce the severity of crashes?
• how effective are the measures that have been implemented or proposed?
• how costly, or efficient, are these measures in terms of direct outlay and
opportunity cost?
In order to put the assessment of risk and safety programmes in context it is necessary to
consider the way in which safety decisions are incorporated into the wider decision making
process. It is noted that the exclusion of cost considerations in safety research may result in
recommendation of policies which are inefficient, if not ineffective.
Australian road authorities have been particularly active in conducting and commissioning
bicycle safety research in recent years. This research has been complemented, and to some
extent stimulated, by other sources such as health and medical groups, bicycle groups and
transport research centres. Australian conditions are variable in relation to bicycle provision
and the location of research reflects the greater use of bicycles per capita in Victoria, South
Australia, the Australian Capital Territory and Western Australia. The emphasis in the
published research has been on methods of reducing numbers and severity of crashes through
bringing about behavioural change. Evaluating alternative road or bikeway engineering
treatments, while recently receiving more attention, has not been as extensively researched.
This may reflect budgetary constraints on road works in recent times.
The focus of much of the research has tended to be on the issue of assessing cyclist risk
exposure in absolute and relative terms and comparisons of casualty rates between different
categories of cyclist.  Exposure evaluations allow association to be investigated through
analysis of injury numbers and types and comparison with the overall level of participation in a
particular activity. Such investigations have been used to try to compare a range of different
categories of cyclist, cycling behaviours and locations in time and space.
A lot of attention has been paid to comparing the risk of bicycle riding with other activities,
mainly travel by motor vehicles. It is noted that this may not be appropriate for recreational
bicycle riding which could be compared for risk assessment purposes with other recreational
activities. Selection of the appropriate activity for risk comparison has tended to be
overshadowed by debate over the choice of time or distance travelled as the appropriate index
of exposure.
Bicycle crashes are frequently analysed in terms of factors present at the time of the crash
(association analysis). These factors may then be integrated with exposure studies to
distinguish risks for certain groups of cyclists or risk of cycling under particular conditions or
at particular locations. Association studies have been used to develop crash typologies. which
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describe crashes in terms of a group of factors that are present and may be (but are not
necessarily) contributory in significant numbers of bicycle crashes.
Less frequently, the relationship between a particular injury resulting from a bicycle crash and
causal factors has been examined. These examinations have taken the form of in depth studies
of particular crashes. Such studies are expensive and the sample sizes involved have generally
been insufficient for any broad conclusions on actual causes of bicycle crashes. Therefore,
considerable reliance is placed on association and typology analysis in developing bicycle
safety policy.
Education campaigns have been conducted in Australia to increase cyclist awareness of safety
issues. The two aspects emphasised have been "safe" riding behaviour and the importance of
helmets to reduce the severity of injury in the event of a crash occurring. The main focus of
crash avoidance campaigns has been school age children where Bike-Ed programmes have
been developed to provide instruction in law compliance and safe riding skills.  Children's
abilities to handle road situations has been studied in the behavioural psychology literature and
recommendations have been put forward for supervision and restriction of the use of bicycles
by children.
Engineering studies have considered issues such as treatment of intersections and roundabouts
to reduce the risks of cyclist crashes, appropriate kerbside lane widths and, particularly in the
ACT, design of cycleways. Major recommendations in these studies relate to separating motor
vehicle and bicycle traffic where appropriate, reduction of speed differentials between motor
vehicles and bicycles where integration is particularly intense and facilitating safe negotiation
of intersections through ensuring adequate vision of approaching traffic at intersections
Helmet studies have received a considerable emphasis in the Australian research and the
Australian experience with helmet wearing is unique.  A fairly detailed review of the research
leading up to introduction of compulsory helmet wearing laws is included in this paper. This
research included surveys of helmeted and unhelmeted cyclists in crashes where head impact
was involved and analysis of the incidence of head injury between the different groups.  Other
research compared rates of head injury as a cause of fatal injury in motorcycle crash victims
(already subject to compulsory helmet wearing legislation) compared with bicycle crash
victims in estimating the protective effect of helmets in crashes. Laboratory testing of helmets
is also reviewed. This research has been focussed on developing an Australian Standard for
helmets.
Undoubtedly the greatest single area of recent bicycle safety resource allocation has been in
the evaluation of various measures aimed at increasing helmet wearing rates and the impact of
observed increases in helmet wearing on serious injury rates. Several major studies are
reviewed in this paper. The results show that, while increases in helmet wearing have clearly
resulted in a significant reduction in head injuries since legislation was introduced, there have
been other factors at play which have also contributed to a sharp decrease in overall injury
rates. Such other factors have not been fully identified but may include reduced levels of
bicycle riding particularly by teenagers (partially attributed to the helmet legislation) who may
have been relatively more likely to practice other unsafe riding behaviour. In addition,
campaigns to reduce speeding and drink driving by motorists may have contributed to a
reduction in cyclist casualties. A fuller understanding of the actual position requires a
continuation of efforts to investigate cyclist exposure.
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1. INTRODUCTION
This paper reviews the Australian research into bicycle safety. Australia has prided itself on
initiatives taken in the area of road safety generally and, in particular, world firsts in
introduction of compulsory seat belt wearing, motor cycle helmet wearing and, most recently,
bicycle helmet wearing. These measures have attracted considerable attention from other parts
of the world, sometimes as precedents for the introduction of similar laws. The research used
for justification of these laws, the methods used in introducing and enforcing them, their
impact on mortality and morbidity statistics as well as other consequences have all been
debated extensively, both within and outside Australia.
This paper reviews the broad range of research areas affecting bicycle safety and discusses the
contributions made by Australian researchers. For the benefit of those readers unfamiliar with
Australia, the Australian road context from a cycling viewpoint is briefly described.
Basic theoretical criteria for assessment of safety decisions at an individual and societal level
are discussed and Australian research into applied factors affecting cyclist's safety is then
considered in a number of areas including:
• exposure/ causation of crashes involving cyclists - how dangerous is cycling, 
what makes it dangerous and what can be done to reduce cyclist risk;
• how costly are crashes and how should costs be measured;
• what can be done to reduce cyclists' risk of involvement in a crash and 
effectiveness of such measures,
• factors affecting the extent of injury of cyclists involved in crashes; and,
• measures designed to reduce the extent of injury of cyclists involved in crashes.
Given the length of this paper and the volume and scope of research, it is not possible to
conduct a comprehensive review of each item. Accordingly, the major works are identified and
selected findings are presented.
2. BACKGROUND
Context: For readers unfamiliar with Australia, it is considered useful to briefly discuss
the context of cycling in Australia. Major factors to note are:
• Australia has a population of approximately 17 million. Despite the vast size of the
Australian continent , population is largely urban and clustered in the major cities of
Sydney and Melbourne and to a lesser extent the other State capital cities of Brisbane,
Adelaide and Perth. These cities have developed a strong dependence on car transport in
conjunction with residential sprawl and industrial decentralisation. In association with
population distribution cycling is predominantly urban and competes with motorised
modes on the roadways. Table 2.1 identifies the population of each of Australia's State and
Territory capital cities.
• Brisbane and Sydney are hilly in some areas while other major cities are largely flat. All
cities have temperate climates which allow cycling on a year round basis. Most popular
cities for cycling are Melbourne, Adelaide, Perth and Canberra;
• Responsibility for main road provision and road regulation is vested in the State
Governments with responsibility for local roads held by municipal councils. The State
responsibility for road regulation has resulted in differences in laws relating to such matters
as footpath riding (illegal in some States, legal in others) and the requirement for cyclists
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to make left turn hand signals (Australia is a left hand drive country). There are also
differences in bicycle provision between local government areas within States ;
• The integration of bicycles into the overall traffic mix is very different across the
Australian cities and cycling in Australia's largest city, Sydney, is difficult.
Table 2.1 Australian cities / population
State Population
Proportion (%) of
state population
Sydney New South Wales (NSW) 3,472,700 62.8
Melbourne Victoria 2,931,900 70.1
Brisbane Queensland 1,196,000 45.6
Adelaide South Australia 1,003,800 72.6
Perth Western Australia 1,050,400 72.0
Hobart Tasmania 179,000 40.1
Darwin Northern Territory 74,800 48.4
Canberra Australian Capital
Territory (ACT)
281,000 99.6
Total 10,189,600 63.6
(Source: Australian Bureau of Statistics 1986 Census)
History: There are a two landmarks in the history of bicycle safety research in Australia.
These are the Geelong Bike Plan completed in 1977 and the National Bicycle Safety
Conference in Newcastle in 1986.  These two events have largely set the agenda for bicycle
safety research in Australia.
The Geelong Bike Plan looked at bicycles from both a transport and safety perspective. It
adopted a 4E's approach to cycle planning - Education, Enforcement, Engineering and
Encouragement. A major performance measurement indicator subsumed for each of these was
improved safety. Thus, the plan placed a considerable emphasis on education for improved
safety through bike-ed programmes, enforcement of road rules considered to be important for
rider safety, engineering to remove road hazards and encouragement of safe riding behaviour
and helmet wearing.
The Newcastle Conference, nearly 10 years later, picked up these themes and extended them
with calls for further and better information on each aspect and implementation of a more
aggressive approach to reducing the cyclist injury statistics.
Institutions:The major institutions involved in bicycle safety issues in Australia are the road
safety units which exist within each of the six State road traffic authorities. At the Federal
level, the Department of Transport and Communications incorporates the Federal Office of
Road Safety (FORS) which has had considerable involvement with the area of bicycle safety
statistics and research. The Federal Department of Transport and State Road Authorities act
to co-ordinate road policy through AUSTROADS (previously the National Association of
Australian State Road Authorities (NAASRA)). AUSTROADS sponsors the Australian Road
Research Board (ARRB) which was established in 1960 as a focal point for research on all
matters associated with road and transport research and has made a number of significant
contributions to the bicycle safety field.
Others involved in the field of safety research include the major universities through
engineering, transportation and medicine departments (including specialised road accident and
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road research units - Adelaide and Monash Universities).  Monash University, through the
Monash University Accident Research Centre (MUARC) and The University of Sydney ,
through the Department of Psychology and the Institute of Transport Studies, have been
particularly active in working with the relevant State road authorities to investigate the
influence of helmet wearing legislation on cyclist numbers and amount of cycling, helmet
wearing rates and the link with numbers and severity of injuries.  The major private
consultancy firms have also significant involvement in safety research on behalf of Government
clients. It is noted that a significant proportion of the research conducted on a consultancy /
client basis remains unpublished.
In addition, bicycle groups at the Federal (Bicycle Federation of Australia), State, Territory
and local level, have been active in conducting research, encouraging research and
commenting on the research work done by or on behalf of the road authorities.
3. QUESTIONS ADDRESSED BY SAFETY RESEARCH
Before examining the applied research into factors affecting bicycle safety it is useful to briefly
consider the nature of decisions that safety research is intended to assist.  These decisions are
at a number of levels; decisions by individuals to engage in a particular activity or modify
behaviour relating to a particular activity, decisions by manufacturers to incorporate features
into the design of products, decisions by regulators to permit or prohibit a particular activity or
practice and decisions by relevant authorities to provide facilities or modify facilities to
improve safety.  These decisions almost always involve a trade-off between the value of safety
enhancement or risk reduction (directly in the case of the individual or indirectly in the case of
the private or public sector entity) versus the costs of implementing the decision.
There has been considerable theoretical work done on development of an understanding at an
individual and societal level of the trade-offs made in making decisions to reduce risk and
increase safety (for example Viscusi 1992).  This work has involved the calculation of implied
values of fatality and injury risk reduction and hence a quantitative assessment of policy
measures to reduce risk.  It also recognises the importance of risk perception versus risk
reality at the individual level.  This issue has been addressed in Australia by Barnard (1986)
using a very limited subset (n=29) of the respondents to an Adelaide travel to work survey. He
found a high percentage of respondents (27.6% or 8 respondents) felt they were very likely to
have a serious personal injury accident within a year if they commuted by bicycle.  The
expectation of a serious injury was highly correlated with the period spent on main roads, very
little chance of serious injury was associated with off road riding. Possibly because of the
intuitive appeal of these findings, they have been widely quoted despite the limited sample.
Findings such as these raise the question of how well do peoples' expectations accord with the
reality of exposure to risk.
4. HOW SAFE IS CYCLING - HOW COSTLY ARE BICYCLE CRASHES?
4.1 Estimating the Risk Associated with Bicycle Crashes
A large part of the research into bicycle safety is directed towards the assessment of the risk
associated with riding a bicycle. Major issues that have emerged in the literature relating to
bicyclist risk assessment are discussed below.
Exposure:  A number of studies of bicycle safety have attempted to measure the "relative
exposure" of cyclists to accident and injury.  At its most basic, relative exposure is measured
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using incident statistics (crash, injury or fatality during a particular activity) as the numerator
and some assessment of total participation, or "absolute exposure", in the activity as the
denominator, or:
Relative exposure =  Number of incidents
  Absolute exposure
Exposure ratio estimates have been used for making comparisons between the risks of cycling
and car driving, cycling on footpaths versus roads, cycling on arterial roads versus sub-arterial
roads, cycling by adults versus children etc.(Social Development Committee, 1987;
Drummond and Jee, 1988; Drummond and Ozanne-Smith, 1991; Geelong Bikeplan Technical
Bulletin, 1980; Mathieson, 1989).
In Mathieson (1987) the difficulties in assessing the rate of cyclist injury, particularly
compared with motor vehicles injury rates, are discussed. He concludes, on the limited
information then available, that cyclist fatalities are 1.4 to 2.7 times more likely per kilometre
than motorist fatalities. Rates of injury requiring hospitalisation are estimated at 2.5 to 5.0
times more likely for cyclists than motorists. Mathieson advocates introducing bicycle safety
programmes with the objective of making bicycles "as safe as other vehicles" using the road.
The need for improved data for assessing exposure was highlighted by Triggs and others
(1981) and subsequently raised by a number of contributors during the 1986 Newcastle
Bikesafe conference (Broughton and Broadbent, 1986 ). Statistics to assist with exposure
assessment have been compiled by the Australian Bureau of Statistics at the State level
(Australian Bureau of Statistics, 1989; Australian Bureau of Statistics, 1985; Australian
Bureau of Statistics, 1982). A nationwide survey including responses from 18,000 individuals
in the form of a travel diary was collected on behalf of FORS (Adena and Montesin, 1988) but
has not yet been analysed in terms of cyclist exposure.
Considerable research through travel surveys has been conducted in Australia (Wigan (1987)
provides a summary of these surveys) in an effort to determine the amount of travel activity
that takes place for various modes including bicycles. Wigan (1983) looked at the potential use
of household data from transport surveys for assessment of absolute exposure by time of day,
by age grouping and by purpose of travel. He identified that if bicycle exposure assessments
are made by vehicle kilometres quite different results are obtained to comparisons based on
numbers of trips made or time spent on the road. Due to the lower average speeds of bicycles
and shorter trip lengths, these latter measures tend to show cycling as safer than on a kilometre
travelled basis. Mathieson (1987) notes, in relation to the objective of achieving equivalent
risks for cyclists compared with other road users, that on a time of exposure basis
(hospitalisation rate estimated at 1.3-2.5 that of motor vehicle drivers) the relative exposure of
cyclists was already estimated to be approaching that of motorists. This was also the case for
certain age groups of cyclists (20 to 39 age group)
Some have suggested that the use of anything but crash rates per distance travelled is
inappropriate (Joint Standing Committee upon Road Safety Concerning Bicyclist Safety,
1988) whereas Drummond and Jee (1988) considers time duration as a preferable exposure
measure for cycling safety. There remains considerable debate on the validity of each
approach.  An appropriate resolution of the question may involve differentiating between
cycling activity which is primarily travel related, in which case a distance or trip based
exposure measure could be used for comparison with trip making by other modes, or, if of a
predominantly recreational nature, a time based assessment may be appropriate and a
comparison with some other leisure activity with equivalent characteristics - possibly football,
skiing etc. should be investigated.
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Drummond and Jee (1988) is one of the most frequently cited studies on the exposure aspect
of bicycle safety. This report uses an exposure estimation method based on time spent riding.
It details the method and results of a Melbourne study to investigate the relative safety of
cycling on the road versus the footpath and a variety of cycling behaviours. The study
integrates data from observations at 105 Melbourne sites selected to give a mix of socio-
demographic characteristics, road types, times (of day and holiday / non holiday periods) and
types of cyclists to represent population figures, together with information on accidents from
police and hospital records for the relevant areas. Results were provided on exposure patterns,
accident involvement risk estimates and helmet wearing rates. The report found that the safety
benefits of allowing footpath riding along arterial roads would be much greater than in the
non-arterial environment and that significant improvement in safety of footpath riding could be
accomplished if effective transitional - ride out strategies could be implemented. The study
thus interwove an analysis of association with the hypothesis that footpath riding is "safer",
particularly for certain classes of rider.
The report, sponsored by the road authority, contributed to a change in the law relating to
footpath riding in the State of Victoria. Figure 4.1 below shows the marked differences
between riding locations of different age groups. Riding on arterial roads is dominated by the
over 17 year group whereas riding on footpaths adjacent to arterial roads is dominated by 11-
17 year-olds. The 11-17 group also dominates riding on non arterial roads while one is most
likely to encounter a younger cyclist on footpaths adjacent to non-arterial roads.
Figure 4.1: Cycling by Age Group on Arterial Roads versus Non Arterial Roads in
Melbourne (after Drummond and Jee (1988))
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Under-reporting: The extent of under-reporting of bicycle accidents in police records has
often been cited as a major difficulty in determining the magnitude of the numerator in bicycle
accident exposure statistics.  This issue came to prominence in the Geelong Bike Plan
Technical Bulletin (1980) which found, on the basis of a school survey, that the ratio of
unreported accidents to reported accidents was as high as 30:1. There has been a large amount
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of work done in the intervening period to identify the types of accidents that go unreported
and speculation as to the seriousness of the under-reporting problem (Lugg, 1982; Whately,
1985; Drummond and Jee, 1988; Social Development Committee, 1987; Mathieson, 1989;
Mathieson, 1987). Under-reporting occurs at a number of levels; non-reporting due to the
injury not being serious enough to warrant medical treatment, non-reporting due to medical
statistics being omitted from police records and non-reporting due to definitional issues
regarding whether an accident is reportable.
One example of this problem in research into bicycle accidents is cited by Whately (1985) who
looked at serious injuries and fatalities for cyclists from police and hospital records. It was
found that of seven bicycle fatalities in the Australian Capital Territory (A.C.T.) between
1979-83 only four were noted in police records. None of the three fatalities not included in the
police records involved a motor vehicle and at least two were off road (bike path or footpath).
The conclusion drawn was that bicycle crashes not involving motor vehicles are unlikely to be
included in police records and other central repositories for bicycle accident statistics need to
be integrated to obtain a full information set.  Drummond and Jee (1988) cite studies with
levels of reporting of crashes involving bicycles ranging from 20% reported (Lugg 1982) to
the 3% estimated in the Geelong Bikeplan Technical Bulletin (1980).
It is clear from this research that there is a considerable amount of uncertainty and
inconsistency involved in the use of exposure statistics to answer the question of how safe is
cycling in Australia.  This arises as a result of problems with the definition of, and data relating
to, both the numerator and the denominator of the exposure calculation and the purpose for
which the exposure estimates are intended.  These problems were acknowledged in Broughton
and Broadbent (1986), the opening paper at the 1986 Newcastle Bicycle Safety Conference.
This paper identified that "no Australia wide information is available on bicycles in use,
numbers of bicycle riders, number of kilometres travelled...". This problem remains today
despite the efforts to integrate data from travel surveys (Wigan 1983), hospital records, and
studies done by the Australian Bureau of Statistics at the State level (eg. Australian Bureau of
Statistics (1989)).
4.2 Estimating the Cost of Bicycle Crashes
Measurement of the cost of bicycle accidents has been attempted at various times. The most
recent assessment was by Lambert (1992) who determined the total costs of bicycle crashes
(including social costs) at A$480 million per annum (approximately US$19 per head). Of note
in Lambert's estimates are the scaling factors applied to reported accidents. These are intended
to take into account the problems of under-reporting of bicycle crashes referred to above.
The methodology for any assessment of the costs of injuries is subject to a variety of
difficulties. For example on what basis is pain and suffering to be quantified? The problems
with these assessments for road accidents generally are discussed in Steadman and Bryan
(1988) and Andreassen has written extensively on this subject (eg Andreassen and others
(1988)).
5. WHAT MAKES CYCLING DANGEROUS ?
Having considered the question of how safety for cyclists is measured and the costs of cycling
injuries, it is appropriate to look at the circumstances under which crashes occur. There are a
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number of approaches to this question; one is to examine factors which may be associated with
the occurrence of crashes and to test the strength of such association against the observed
crashes.  A variation on this approach is to examine groups of factors and to develop accident
typologies.  The final approach is to attempt to identify factors which actually caused
accidents. These are distinct approaches which yield distinct results, however, the existence of
risk association is often interpreted as revealing a causal relationship. This is not necessarily
the case and requires careful testing.
5.1 Factors Associated with Bicycle Crashes:
Analysis of factors frequently found in  crashes involving bicycles is a common starting point
of studies looking at the question of what makes cycling dangerous. As discussed above,
association and causation are sometimes confused and it is necessary to be cautious in
reviewing references to research to identify the nature of the relationship being postulated and
the evidence presented. Factors that have been investigated for association with bicycle
crashes are identified in Table 5.1. Such factors have been investigated in various Australian
studies often in conjunction with an exposure evaluation. An overview of some of these
studies is given below.
Cyclist / bicycle related factors: Various studies (eg. Geelong Bikeplan Technical Bulletin,
1980; Broughton and Broadbent, 1986; and Drummond and Jee, 1988)have looked at a
variety of cyclist characteristics, including age and sex, to determine the degree of association
with accidents. Broughton and Broadbent provides a useful summary of some major statistics
on bicycle fatalities and injuries. During the 20 year period to 1984 bicycle crashes accounted
for between 2.2% and 4.1% of total road fatalities (approximately 100 per annum out of
3,400). Admissions to hospital were approximately 1350 per annum as a result of bicycle
crashes (4-5% of total road related hospitalisations). Males represented approximately 87% of
bicycle fatalities compared with 70% of all road fatalities. This over-representation of males is
acknowledged to be possibly due to relative participation. Crashes at intersections were also
over represented among bicycle crashes relative to all road crashes (in the ACT, Whately
found that 66% of bicycle/motor vehicle crashes occurred at intersections). About 90% of
bicyclist fatalities involved collisions with motor vehicles whereas 70-80 percent of crashes did
not involve vehicles.  Over 50% of total bicycle casualties were children in the age group 5 to
16 years.
Table 5.1: Factors Examined for Association with Bicycle Crashes:
Object Factor
Cyclist and other Vehicle DriverAge, Sex
Riding / driving experience
Intoxication
Bicycles and accessories Size (eg too large) or type(mountain, racing, toy etc)
Brakes
Lights and Reflectors
Helmet
Bell
Luggage carried
Other vehicle involved Type- car, truck, bus, van, motor bike, bicycle, pedestrian
Location State, city, town
On road or off road
Road type, eg. arterial, sub arterial, minor
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Footpath or bike path
Position on road- wrong side, middle of lane, in gutter
Conditions Time (of day, week, year- holiday period, season)
Light conditions
Weather
Road surface
Traffic volume
Riding / driving behaviour Purpose-commuting to work/school, recreation, shopping etc
Doubling
Riding with friends
Speeding
Indicating turns
Crossing intersections
Entering road
Not surprisingly given the last statistic, there has been a considerable focus on child cyclists
and their exposure to crashes. This forms the basis of studies completed by the Victorian
Social Development Committee (1987) and Drummond and Ozanne-Smith (1991) which looks
at locations of crashes and age of children involved to derive the numerator of the exposure
calculation and an observational survey at randomly selected sites is used to derive a total
participation estimate.
The factors which characterise children's' behaviour on the roads are discussed in Crossing
(1987). In that paper, the child development literature is reviewed and children are
differentiated by age group (under 5 years, 5-12 years and over 12 years) in their abilities to
handle bicycles. Recommendations are made with respect to levels of supervision and control
of cyclists by age groupings before riding in different contexts should be permitted:- children
under 5 only to be permitted to ride in parks or yards under adult supervision; children from 5-
12 to receive Bike-Ed type training prior to independent on-road riding after 12; and children
over 12 but without adequate training to receive adult supervision.
The Whately (1985) study reviewed reported injuries as a result of bicycle crashes. In this
process he looked at the experience of the cyclist, riding habits (whether usually on roads,
footpaths, cycleways or a mix) and whether they wear a helmet (as a proxy for the degree of
concern for safety). These factors were found to have significant inter-relationships and an
association with occurrence of accidents. The report acknowledges that findings are of limited
usefulness in terms of assessing whether these factors are related to incidence of injury due to
the lack of valid population data for relative exposure analysis.
Association of cyclist characteristics with the incidence of crashes is also considered in terms
of the purpose of the bicycle trip being undertaken in a number of studies (eg Whately (1985),
Travers Morgan Pty Ltd (1987)). This includes shopping, commuting, recreation (including
performing stunts).
Attribution of personal responsibility in bicycle / motor vehicle crashes is an issue that is
frequently of interest. Whately (1985) found that over 80% of such crashes involved clear-cut
traffic violations. Cyclists under 16 committed 86% of traffic violations in their crashes but for
older cyclists, 59% of violations were by the motorist.
Bicycles and Accessories: One item of interest in investigating bicycle accidents is the type of
bicycle and safety equipment fitted to the bicycle. Safety equipment fitted or carried on the
bicycle or rider may be interesting as a proxy for safety concern or as an accident risk
reduction aid. In a number of observational and household interview studies (eg. Walker,
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1990; Australian Bureau of Statistics, 1989) the existence of a range of safety equipment on
bicycles was considered (reflectors, lights, brakes, bells). No attempt was made to test the
relative strength of relationships between the existence of safety equipment and involvement in
accidents, types of riding behaviour, or, as an indicator of rider concern or experience. It is
noted that bicycles sold in Australia carry a minimum of accessories and generally do not have
lights at the time of purchase. This is similar to the situation in America but differs from the
European and Japanese practice.
Other vehicle involved / location of crashes / conditions: The ature of other vehicles
involved in bicycle crashes and the location of those crashes is frequently available from the
relevant State road accident statistics. Such data is also looked at in Federal Office of Road
Safety statistics (Broughton and Broadbent 1986). Again, the Drummond study (Drummond
and Jee 1988) looks at factors such as these and tries to compare them with the activity
participation rates. Poor weather and light conditions are typically assessed only in the crash
investigation studies such as Whately (1985).
Riding and driving behaviour: The riding and driving behaviour of cyclists and other
vehicles has been examined in a number of different contexts. In depth studies (eg McLean and
others, 1979; Whately, 1985) look at the particular behaviour at the time of crashes.
Observational studies such as those completed in the lead up to introduction of helmet wearing
legislation (eg. Wise, 1989; Walker, 1990 ) look at the incidence of unlawful riding such as
wrong side of the road, failure to give signals or obey traffic regulations without attempting to
correlate these to crashes. A number of studies have been done into behaviour of motor
vehicle drivers such as speeding and failure to stop or give way when required. This aspect of
road user behaviour can be expected to have a very important impact on cyclist exposure and a
number of the studies look at the question of whether crashes were initiated by the cyclist or
another motor vehicle as, for instance, the figures from Whately (1985) cited above. To the
best of our knowledge, no comprehensive breakdown of the specific offences committed by
cyclists or motorists at the time of crashes has been completed.
5.2 Approaching Causation
Clearly, a number of the factors shown in Table 5.1 above would be expected to have a causal
relationship with the occurrence of an accident in at least a number of cases.  For instance:
riding at night without lights, a poor road surface, wrong side of the road riding, failure to give
way or stop when required, failure to signal or intoxication may all be causally related,
individually or in combination, to a cyclist being involved in a crash.  On the other hand they
may simply be factors present at the time of the crash that had no direct part in causing the
crash. Establishing such a causal link necessitates information on the precise reasons for each
accident. This generally requires reliance on the accounts of those involved or witnesses to the
crash.
Police incident reports and site specific surveys have been used to develop this kind of
information. In addition a number of studies have involved questionnaires administered to
those involved in crashes on a confidential basis (eg Travers Morgan Pty Ltd, 1987; Whately,
1985). In an Adelaide study (McLean and others, 1979) two teams each comprising a medical
officer, an engineer and a psychologist attended 304 randomly selected accidents, including 22
accidents where the victim was a pedal cyclist, and collected medical, engineering and
sociological data. Injuries sustained are described and related to the objects which caused
them. The small number of crashes involving bicycles meant that only a limited amount of
information could be obtained about the frequency of causal factors in crashes.
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It is noted in a number of these studies that consistent data from those involved or close to
crashes is difficult to collect due to the impact of a crash on the recollection of those involved.
The identification of human performance processes is very difficult at the best of times and
adoption of different burdens of proof (eg. "beyond reasonable doubt" or "on the balance of
probabilities") may generate different results in allocation of causal responsibility. As is
indicated by the use of the legal terminology, willingness of those involved in crashes to reveal
information may be biased due to concern about it being used to establish a case for negligence
or criminal responsibility.
5.3 Accident Typology
An established method of attempting to identify links between the incidence of crashes and the
causes of crashes is through accident typology. Much of the Australian research work has
drawn on accident typology studies in the USA. For instance, the exposure research in
Drummond and Jee (1988) relied on the typology in the authoritative work done by Cross and
Fisher (1977). A study of reported injuries by Cavallo and Wood (1987) developed a modified
Cross and Fisher typology suitable for the Victorian environment. This involved the photo
reversing of the Cross and Fisher diagrams to accommodate Australian left-hand-drive
conditions and the development of new categories to cater for additional crash types such as
collision with trams, trains, pedestrians and other objects and crashes occurring on the
footpath or involving toy bikes. No attempt is made within that study to categorise the
available Australian statistics to establish major crash types in terms of incidence of
occurrence.
The typology process describes a sequence of events leading to a crash in terms of the traffic
context in which the crash occurred and the vehicle action or behaviour immediately prior to
the crash. It remains the case that actual causation may only be inferred and not determined
from typology classifications.
5.4 Policy Development
Despite the fact that causation is difficult to ascertain, it is nevertheless important to develop
operational theories regarding factors that are important in accident causation. Typology
analysis and comprehensive modelling of association through exposure studies have been used
to achieve this. As noted in Drummond and Ozanne-Smith (1991), high exposure-low risk
activities need to be dealt with differently to low exposure-high risk activities.
6. RESEARCH INTO MEASURES TO REDUCE BICYCLE CRASH RATES
Ways to achieve a reduction in crash rates for cyclists has been investigated on a number of
fronts in Australia. These have typically followed the 4 E's approach adopted in the Geelong
Bikeplan.
Education, encouragement and enforcement: A considerable amount of attention has been
focussed on research into effectiveness of education, encouragement and enforcement
measures aimed at reducing risk taking by cyclists.
Pursuant to the Geelong Bike Plan, an Australian Bike-Ed course was developed for in school
education of bike riders in the 9-13 age group. The effectiveness of this programme is
discussed in Newlands (1979) and Close (1986). In both cases it is claimed that the
programmes have been successful although it is very difficult, if not impossible, to establish the
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effectiveness of education programmes on risk of involvement in crashes. Effectiveness is
therefore typically measured in terms of observed changes in riding behaviour or subjective
assessment of the course by participants.  In the latter reference (Close 1986) a continuing
road safety education element is advocated for schools to reinforce the Bike-Ed programme in
older students. It is also acknowledged that teachers need to be prepared to accept a good deal
of responsibility in implementing Bike-Ed programmes which not all teachers will be willing or
able to do.  The original Bike-Ed course has been updated (Shepherd 1988) to improve its
presentation and facilitate the teaching of core material covering: equipment, handling skills,
riding skills, simulations and road rules, traffic skills and local routes. It has been adapted by
various education authorities to fit within the local syllabus.
A comprehensive review of road safety education in Australian schools is contained in Marsh
and Hyde (1990). This report details the development and content of a large number of road
safety training programmes and incorporates the views of those directly involved in
implementation of different programmes on programme effectiveness. No clear cut
quantitative assessment has been made of the programmes in terms of risk of crash
involvements of participants pre-programme versus post programme.
The problems in implementation of behavioural change programmes among secondary school
children (grade 7-12) is particularly well documented in the literature regarding helmet
wearing encouragement (eg. BJ Elliott & Associates Research and Communication
Psychologists, 1983; Chadwick Martin Consultants South Perth, 1989; Wise, 1989; Antill,
1990). This shows that the task of motivating this group to adopt safe practices is an
extremely difficult one where the advocated practices are perceived as "un-cool" or likely to
attract teasing. Difficulties in the use of role models in advertising campaigns directed at
educating and encouraging the adolescent age group are shown in Nicholson Boyce and
Co.(1985) and Wise (1989).  Close (1986) refers to the experience in Townsville, Queensland
with the use of older students to teach desired riding practice as a possible means of
overcoming some of the peer pressure that encourages reckless riding behaviour as well as
encouraging leadership skills in the older students.
Education of older cyclists requires a different approach to that used for school age cyclists.
Television and radio campaigns and pamphlet distribution are the most frequent form of adult
road user education by road authorities.  The electronic media campaigns are typically targeted
at motorist behaviour such as speeding, wearing seat belts and drink driving. There have
however been a number of pamphlet campaigns directed at cyclists. The effectiveness of a
pamphlet distributed in Sydney was reviewed in a market research study which emphasised
that the format of such campaigns needs to be particularly easy for the target market to digest
in order to achieve its aims (Nicholson Boyce and Co. 1985). That study involved surveys of
people at the Sydney Royal Easter Show to determine whether they could recollect various
aspects of a cycling safety pamphlet. Recently, specific traffic skills courses have been offered
to adult cyclists by Bicycle Victoria. To date no detailed review of the effectiveness of these
courses has been attempted. The self selecting nature of participants in such courses makes
such a review very difficult.
Research into reducing the dangerous practices of motor vehicles drivers has received
relatively little attention in terms of its direct impact on the risk exposure of cyclists but has
been extensively studied in relation to safety of pedestrians and road users generally. The
Australian experience with education of other road users and its impact on cyclists is usefully
summarised in Martin (1986) which sets out the objectives of other road user education in
terms of bicycle awareness and looks at particular strategies which may be expected to have an
impact on cyclist safety such as speeding restrictions and the effect on stopping distances,
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passing behaviour and education about road rules as they relate to bicycles in general driver
training and testing.
Enforcement of road rules on the part of cyclists has been looked at in a number of studies.
Overall levels of law compliance have been estimated in the various observational studies by
Walker in New South Wales (Walker, 1990; Walker, 1991; Walker, 1992). These studies
found law compliance on the part of cyclists to be poor with high levels of footpath riding
(illegal in NSW), improper failure to stop or give way, lack of lights at night, failure to signal
as required and failure to wear a helmet. Keay (1990) advocates appropriate enforcement of
road rules in relation to cyclists and suggests that strict enforcement of some rules, such as
footpath riding, may actually force cyclists into dangerous situations. Other rules, such as no
lights at night or reckless riding, are recommended for strict enforcement.
Engineering: Research into facility design for improved bicycle safety has taken place in a
number of areas.  Studies have looked at appropriate specifications for separate bike path
design with a view to ensuring safety amongst users. Other studies have looked at on-road
markings and signage in terms of impact on safety for cyclists as a result of improved
recognition. Other studies have looked at particular hazards associated with roads from the
cyclists perspective. There has been relatively little published work on testing of different
engineering treatments in an experimental sense in Australia, possibly due to the limited
number of such treatments and the conduct of such work within road authorities or on behalf
of road authorities by engineering consultants on an unpublished basis. In the ACT, however
there have been a number of published studies (eg. Arup Transportation Planning, 1992) that
have looked at mixed pedestrian / bicycle path design. Over 80 km of such path exists in the
ACT with the first path being completed in 1973. In addition, the ACT design material has
looked at the treatment of intersections to reduce risks and risk taking by cyclists. The
recommendations include provision of holding rails at intersections of bike routes and road
ways, angled approaches to ensure that visibility of approaching traffic is achieved with no
more than a 90 degree sight rotation. The ACT engineering design work has been significantly
influenced by the Whately study (Whately 1985) referred to earlier.
Generally, major engineering treatment guidelines for bicycles have been developed by Road
Authorities based on typical complaints of cyclists. Thus the New South Wales guidelines
(Traffic Authority of New South Wales 1983) suggest engineering provision such as;
"regular maintenance and sweeping of the kerbside lane..., proper traffic channelisation
and control at intersections; the provision for cyclists to activate traffic signals; the
removal or moderation of 'squeeze points'; the replacement of longitudinal stormwater
drainage grates; the signposting of potentially dangerous or hazardous locations."
A national guideline (AUSTROADS Guide to Engineering Practice Part 14) for bicycle
facilities is in the process of completion and, in due course, is expected to supersede the State
design guidelines and provide comprehensive specifications for kerbside lane width, signage,
treatment of intersections and integration of bicycles with traffic calming treatments and
roundabouts.
At the Ausbike '92 conference in Melbourne (1992) a number of short papers were given on
particular aspects of engineering for safety by engineering consultants with bicycle expertise.
In Daff (1992) the interaction of cyclists and motor vehicles was observed with different
combinations of roadway and kerbside lane widths using video recordings of motorist passing
distances around experienced adult cyclists. The study found a narrow band of kerbside lane
widths desirable for maximising lateral distance and minimising cyclist stress (over 4 metres
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with 3.7 metres acceptable in some situations). This band depends on the parking behaviour of
cars in the kerbside lane. The studies of desirable kerbside lane widths are considered in Arup
Transportation Planning (1992) and the higher average traffic speeds in the ACT than
elsewhere in Australia are considered to warrant wider kerbside lanes (in excess of 4.3
metres).
In Wisdom (1992) the issue of roundabout design for cyclist safety was addressed.
Roundabouts are an increasingly popular form of road treatment in many Australian cities and
their impact on cyclist safety is considerable according to some studies referred to by Wisdom,
particularly in the UK. Some engineering solutions to problems of cyclist safety at
roundabouts are proposed, most importantly, speed reduction devices leading up to the
roundabout.
One approach to engineering treatments that is frequently adopted for traffic safety generally
is the identification of "black spots" and systematic treatment of roads where crashes are
observed to occur. This technique is increasingly being used in conjunction with geographic
information systems in motor accident safety programmes. In Australia, the black spot
approach for bicycle safety programmes has been predominantly employed in local area
bikeplans performed on behalf of municipal councils as a way of prioritising engineering
expenditure. Occurrence of crashes is also occasionally taken as a proxy of intensity of use by
cyclists and seen as warranting provisioning of bicycle facilities on this basis.
Bicycle Safety Features: The crash avoidance performance of various bicycle components
and accessories have been investigated in the Australian environment. Some of the features
that have been reviewed are visibility and conspicuity aids, including lights, on bike reflectors
and reflective clothing, brakes and bells.
One major investigation looked at daytime "conspicuity" and night "visibility" as distinct
features to be evaluated and assessed in terms of "perception" and "comprehension" (Bryant,
1981). The roles of "scanning" and "searching" in identification of conspicuity thresholds is
investigated. The approach adopted was a systems approach to driver cyclist interaction which
required taking into account different road conditions- wet versus dry, intersection versus mid-
block etc.. This systems approach required a review of relative exposure material to assess
different risk levels. Factors such as the optical impact of different colours are discussed in
terms of their luminous efficiency and coding attributes. Thus "whitening" of clothing was
demonstrated to increase luminosity however it may result in loss of coding in the case of say,
"safety red". Review of the literature on the use of red clothing demonstrates that red is
actually quite unsatisfactory from a number of perspective's including the fact that up to 8% of
the male population has decreased sensitivity to the colour.  Desaturated yellow is found to
have a high degree of "intrinsic visibility".
Bryant also discussed performance of reflectors and the applicable Australian standards. It is
found that; mounting position of the reflectors, the number of reflectors, the characteristics of
the road and environment and the characteristics of the source of illumination of the reflectors
all play important roles. Headlamps and tail lights are also reviewed and the benefits of "ripple"
lights, then only used in road traffic hazard lights, to enhance brightness is discussed for
potential application to bicycles. This principle has since been applied in the range of pulsating
lights now widely used on bicycles in Australia.
This work has since been updated by a recent study (Cairney, 1992) which confirms the
effectiveness of flashing tail lights in terms of brightness. It also notes the dusk and dawn
periods as being particularly highly represented in terms of conspicuity related crashes, more
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so than at night. This is acknowledged to be representative of greater bicycle usage during
these times and subject to differing interpretations of dawn and dusk. Nevertheless, dawn and
dusk conspicuity measures are considered at least as important as night time visibility aids
particularly given the intractability of the problem at these times of poor light conditions
making contrast difficult to achieve.  Cairney also notes the limited performance of most
reflectors relative to the applicable standard and refers to work of Boyd (1986) which is highly
critical of the effectiveness of spoke mounted reflectors.
Techniques for improving bicycle lighting systems are constantly being investigated, largely in
the garages of cycling enthusiasts. Some of these techniques and objectives are discussed in
Clausen and Middleton (1988). In particular there is an emphasis on developing hybrid lighting
systems which do not "fail" as a result of the particular features of systems powered uniquely
by dynamo or battery power.
Other cycling safety features such as brakes and basic frame and component design have
received less attention in the mainstream research (exceptions include Technisearch Pty Ltd
(1981)). Reliance has been placed on imported technology, and imported research for
evaluation of different systems. Reviews of different products and limited testing are also
conducted by a number of the bicycle magazines published in Australia.
It is also noteworthy that some of the in-depth studies of crashes have revealed a feature of the
bicycle, such as brakes and poor frame fit as a contributing factor (eg.Whately (1985)) in
causing the crash.
7. EXTENT OF INJURY OF CYCLISTS
The research into exposure has often included analysis of the types of cyclists and types of
crashes that lead to, or are associated with, particular injuries. All injury studies have
differentiated between fatal and non-fatal injuries. Non-fatal crashes have tended to be divided
into serious and less serious with the distinction between the two typically drawn on the basis
of the number of nights in hospital in the macro injury studies. In depth studies of injury (eg
McDermott and Klug (1982)) have adopted a more detailed classification of injury types.
Drummond and Ozanne-Smith (1991) looks at the representation of 15 principal diagnoses for
child bicycle crash victims.
Whately (1985) provides a detailed analysis of the types of injury suffered by cyclists in
different types of crashes. In particular he analyses the differences in severity of injury between
those crashes occurring on the roadway and off-road, crashes involving a motor vehicle and
single vehicle crashes.
A frequent observation is that elderly cyclists tend to be involved in proportionately more
fatalities than younger cyclists. This has been attributed to declining faculties in the elderly
(Mathieson 1989). Older cyclists are also more frequent victims of heart attack or stroke
whilst cycling and they are more vulnerable to being fatally injured when involved in a
collision. This is again a question of relative exposure and, as discussed above, an area where
the requirement for better data and further analysis is acknowledged.
8. BICYCLE HELMETS
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Undoubtedly the most extensive research into bicycle safety conducted in Australia in recent
years is in the area of effectiveness of bicycle helmets in reducing fatalities and the
effectiveness of campaigns to broaden the base of the helmet wearing population. Studies of
bicycle helmet wearing and effectiveness include:
• injury comparisons for crashes where the cyclist was wearing a helmet and crashes
where the cyclist was not wearing a helmet
• time series analysis to examine the change in levels of head injury as a function of
increased helmet wearing rates
• crash lab testing, biomechanical analyses and Standard setting
• analysis of the impact of legislative compulsion on helmet wearing rates
• analysis of the impact of helmet wearing on bicycle use
The background to the helmet wearing legislation including the evidence considered by the
recommending committee is briefly discussed together with the issues in determining what
meets the requirements of a satisfactory helmet for cycling. The investigations of helmet
wearing rates in response to particular initiatives are then considered. These initiatives include
large scale promotions of helmet wearing, school based campaigns and the legislation itself.
The studies into the impact of helmet wearing rates on numbers of cyclists and head injuries
are then examined.
8.1 Background to Mandatory Helmet Wearing
 A very useful diary of events related to the introduction of mandatory helmet wearing
legislation in Australia and placing it in the context of road safety measures generally is
contained in Appendix 1 of Finch and others (1993). Selections from that diary are shown
below:
Table 8.1 :Diary of Events Leading to Mandatory Helmet Wearing (after Finch and
others (1993))
1961 Compulsory helmet wearing for motorcyclists
1970 Compulsory seat belt legislation
1977 Australian standard for "General Purpose Protective Helmets (for use in
pedal bicycling, horse riding and other activities requiring similar
protection)" developed
1980 Bike-Ed programme introduced in schools and helmet wearing first actively
promoted
1981 First helmets certified as meeting the Australian Standard and meeting of
interested organisations sponsored by the Royal Australian College of
Surgeons to discuss approaches to helmet promotion
1982 Helmet promotion schemes launched - bulk purchasing scheme for schools
and advertising aimed at mothers, urging purchase of helmets for their
children
1983 First helmet wearing survey conducted in Melbourne
1984 Statement by Victorian Minister for Transport that the government would
move towards compulsory helmet wearing legislation
Posters distributed to all 7,000 doctors in Victoria and implementation of
first rebate scheme- $10 offered for each Australian made helmet purchased
over the Christmas period
1985 February statement from Victorian Minister for Transport that compulsory
helmet wearing would be introduced by July of that year
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December 1987Road Traffic Authority developed a strategy for introducing compulsory
helmet wearing legislation
September
1989
Regulation announced by Victorian Government effective July 1990
Australian Standard for bicycle helmets under review
1990 In the year to June 1990, there were 4,579 registered bicycle infringements
in Victoria.
Legislation effective in Victoria from July
1991 In the year to June 1991, there were 24,257 registered bicycle
infringements in Victoria.
Compulsory helmet wearing introduced in NSW (January for adults and
July for children)
As shown in Table 8.1, helmet wearing was made compulsory in the State of Victoria from 1
July 1990. In NSW compulsory helmet wearing for adults (over 16) was introduced from 1
January 1991 and for all bicycle riders from July 1991. Mandatory helmet use has since been
introduced in other States of Australia.
Legislation was introduced after a considerable period of debate. A major initiative for
introduction of legislation on a national basis came through a Commonwealth Government
inquiry set up to investigate motorcycle and bicycle helmet safety by the Standing Committee
on Transport Safety (the "Transafe" committee). The terms of reference of Transafe were to
report on the most effective means in terms of cost and efficiency of reducing the enormous
numbers of injuries and lives lost as a result of transport activities. The findings of the helmet
inquiry were released in November 1985 (House of Representatives Standing Committee on
Transport Safety 1985) and led to subsequent enactment of legislation on a State by State
basis.
The Committee heard evidence from a wide range of sources.  Perhaps the most persuasive
evidence was in regard to the numbers of child cyclists that died or suffered brain damage as a
result of bicycle crashes.  The Committee relied heavily on the study by Dorsch and others
(1984) that bicycle helmets are effective in preventing head injury.  That study was
commenced in 1983 and relied on surveys of members of South Australian Cycling clubs. The
responses included 197 cyclists who had received a blow to the head as a result of a crash.
The study determined that riders who were wearing a helmet at the time of a crash suffered
fewer and less severe head injuries than those who did not wear helmets.  The analysis
determined that hard shell helmets with energy absorbent inner liners reduced the likelihood of
serious head injury by a factor of 19 times.  This compared with a factor of 8 times for "hair-
net" helmets.
Another major medical contribution to the committee was from McDermott and Klug (1982)
who compared the extent of injury suffered by motor cyclists, for whom helmet wearing was
compulsory, and the injuries suffered by pedal cyclists and found that there was a significantly
higher incidence of head injury as a result of bicycle accidents than motorcycle accidents.
Considerable reference was made to the impact of introduction of compulsory helmet wearing,
and the repeal of legislation in some States of the USA,  on motorcycle related head injury.
8.2 Developing an Australian Standard for Bicycle Helmets
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The differences in levels of protection offered by different types of helmets has been
investigated in a number of studies largely relating to development of an Australian Standard
(AS 2063.2) for bicycle helmets. As is shown in Table 8.1 development of a suitable standard
for bicycle helmets has taken a considerable time and is subject to ongoing review. The use of
traditional helmet standards, which emphasise the minimisation of deceleration during impact,
and the potential for incorporation of tests which will protect the brain against rotational or
angular decelerations or localised deformation of the skull is discussed in Long and others
(1989) and Williams (1989). The features of comfort / good ventilation are particularly
important for bicycle helmets and the standard has needed to be developed to reflect this
important difference compared with motor cycle helmets.  Particular classes of cyclists need
special protection for effective helmets. Children's' requirements in particular are discussed in
Lane (1986) concentrating on degree of protection and goodness of fit.
8.3 Impact of Various Measures to Increase Helmet Wearing
The measures which have been implemented in Australia for encouraging helmet wearing
include:
• general advertising of the benefits of helmets in reducing the extent of head injury in
the event of a bicycle crash
• campaigns targeted at particular groups of bicycle riders
• financial incentives through offering rebates on helmet purchases
• In school education programmes
• compulsion for riding to school and legislative compulsion
The effectiveness of these various measures has been  assessed in a number of studies. These
studies have tended to be observational studies on a before and after basis.
Promotional and Educational Campaigns and their Impact on Helmet Wearing: In
Victoria, where the research into helmet wearing rates and effectiveness has been most intense,
surveys have been conducted annually since 1983 in Melbourne and since 1985 in regional
cities. In Sullivan and Wise (1990) the rates of helmet wearing through the 1980's as shown by
these surveys are reviewed and a baseline assessment of helmet wearing rates pre-legislation is
provided based on surveys conducted between March and May of 1990. The rate of helmet
wearing in the period to 1990 is shown to have increased significantly for each group surveyed
during the period in which helmet wearing was promoted. Table 8.2 shows extracts of the
findings for helmet wearing rates among various groups of cyclists
Table 8.2 Bicycle Helmet Usage Rates in Victoria 1983-1990. (Source: Sullivan and Wise
(1990))
Year
Survey Group
Commuters
1983
cyclists
surveyed
1990
cyclists
surveyed
1983
helmet
wearing
%
1990
helmet
wearing
%
Primary Schools 681 1010 4.6 74.8
Secondary Schools 1174 1943 1.6 24.7
Adults (metropolitan) 502 5162 26.1 43.5
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Year
Recreational (metropolitan)
1987 1990 1987 1990
Primary Schools 249 1350 19.3 44.8
Secondary Schools 191 2244 7.3 22.1
Adults (metropolitan) 97 5183 8.2 29.8
Studies in the period to 1990 tended to focus on the effectiveness of particular campaigns to
increase helmet wearing rates. For example Wise (1989) describes a campaign to increase
helmet wearing by secondary school students in grades 7 to 10. As shown in the Table 8.2
above the rate of helmet wearing in this group is markedly lower than primary school or adult
riders. The campaign involved the use of a kit distributed to schools involving sporting
identities in promoting helmets to children and an advertising programme based on the slogan
"bicycle helmets - because they work"  aimed at raising parents awareness. Helmet wearing
surveys were conducted twice in 1988 to monitor the effect of the campaign. Some of the
findings of the study are set out below:
• the kit appealed to a younger audience than the target audience
• the campaign did not effectively increase helmet wearing rates unless extensively
implemented
• degree of implementation was associated with wearing rates pre-campaign.
Ongoing programmes such as Bike-Ed were considered to be more effective than a
one-off campaign
• differences in helmet wearing prior to the campaign were attributed to
    -schools with a compulsory helmet wearing policy for riding to school
    -non-government schools versus government
    -socio-demographic factors
    -males versus females (females had a lower wearing rate and a higher carrying 
rate)
•  the campaign did not change these relationships
• government versus non government differences were associated with compulsory
use of helmets at many non government schools
• extensive implementation of the programme resulted in even higher carrying rates
for females
A similar kind of evaluation was conducted in Western Australia in 1988 (Chadwick Martin
Consultants South Perth 1989) which considered the effectiveness of a rebate scheme and an
advertising campaign on helmet purchases and wearing rates. This involved observational
surveys and attitudinal surveys before and after the campaign. Effectiveness among the teenage
group was found to be lowest despite the efforts to counter this group's aversion to being told
to adopt the practice of helmet wearing.
The Impact of Helmet Legislation on Helmet Wearing and Bicycle Use: The most
accurate way to determine the impact of legislation on helmet wearing rates and bicycle use
would be through the use of panel surveys (incorporating a range of cyclists and non-cyclists
as respondents).  No such surveys were done in Australia in relation to bicycle helmet
legislation.
Observational studies of the impact of mandatory helmet legislation on levels of usage have
been conducted virtually in parallel in New South Wales (Walker, 1991; Walker, 1992) and
Victoria (Cameron and others, 1992; Finch and others, 1993). Results of a further study in
relation to NSW helmet wearing rates are expected to be released in August 1993.
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The Victorian studies will be considered initially as; they are more recent, they are based on a
longer history of surveying and compulsory helmet wearing and cover a broader range of
subjects in terms of the school population surveyed (government and non-government
schools). It is noted that bicycle riding in Victoria is considerably more popular than in New
South Wales for the journey to work and school (Wigan 1987). The smaller NSW "to school"
ridership is likely to be largely due to provision of free bus travel to NSW school children.
The Cameron and others (1992) study looked at the first 12 months under the helmet wearing
legislation and found:
• an increase in overall helmet wearing rates to an estimated average of 75% from
31% prior to introduction of the law and a particularly high level of helmet wearing
by primary and adult bicycle riders.
• a 36% decrease in cycling by children (under 18) which was partially offset by a
very significant increase in cycling by adults (58%) resulting in a total decrease in
cycling estimated at 6%. The decrease in cycling by children was particularly
marked in the teenage group (44% drop).
In Finch and others (1993) it was found that, two years after introduction of helmet wearing
legislation, the high levels of helmet wearing in adults and children had been maintained.
Bicycle use overall was starting to approach the pre-law levels but was still considerably lower
in the teenage group. Reference is made to the requirement for further studies to examine
whether there is a cohort effect as the primary school riders move through to secondary
school. The issue here is whether the primary school riders will continue to wear helmets or
whether the influence of older, helmet resistant, children will discourage children from wearing
helmets or riding bicycles and lead to perpetuation of helmet resistance in this group or lower
overall levels of bicycle riding.
Walker (1992) in New South Wales found an increase in rates of helmet wearing among
children under 16 (31.5% pre-law compared to 75.9% post law). In Walker (1991) the helmet
wearing rate in Sydney post legislation for adults was observed to have increased to 75% from
31% although the comparability of these findings was questioned due to the effect of seasonal
variation between the two surveys. Subject to these provisos the study also found that adult
cycling increased between 1990 and 1991 by 6% which accords with the findings of an
increase in adult cycling in the Victorian study (Cameron and others 1992). In the subsequent
study, however, (Walker 1992) the numbers of adult cyclists was observed to have decreased
by 14%.  This study, which was after the application of the compulsory helmet wearing
provisions to bicycle riders under 16, observed a 36% drop in numbers of child cyclists.
The Impact of Helmet Wearing on Numbers of Head Injuries: The follow up question
which is investigated in the Victorian studies in relation to helmet wearing is whether a change
in numbers of cyclists wearing helmets is related to a decrease in head injuries among bicycle
riders.
The earliest comprehensive attempt to answer this question was by Healy (1986). He notes
that head injuries are the most common form of serious injury to cyclists- 80% of fatalities and
35 % of cases overall. Increases in helmet wearing since 1980 were associated with a 21%
decrease in cyclists admitted to hospital with head injury. Healy notes that one of the problems
in analysing the impact of helmets on serious injury is in the way statistics are compiled which
result in only the most serious injury being recorded for a particular casualty. He posits two
possible changes to injury figures from helmet wearing:-
1. the helmet may completely prevent serious injury and thereby the crash may be
excluded from data; or,
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2. the cyclist may escape serious head injury but still sustain a serious injury to
another part of the body-a category transfer within the data.
Thus, numbers of head injuries should fall but be partly offset by increased numbers of cyclists
with body injuries. The results of his data analysis confirms this process in that the decrease in
head injury of 21% coincided with an increase in other injuries by 12%.
In Cameron and others (1992) the opposite situation was observed. While the significant
increase in helmet wearing was associated with a reduction of cyclists admitted to hospital
with head injury (37% reduction in cyclists killed, 51% of cyclists injured) there was also a
substantial (21% and 24%) decrease in severely injured cyclists who did not suffer head injury.
This is interesting on two counts; firstly in relation to the lack of any apparent transfer effect as
posited by Healy (Healy 1986); and, secondly, in terms of the inference that there are other
factors responsible for reduction in bicycle crashes resulting in serious injury. Factors
suggested include the reduced use of bicycles, particularly by children, and other road safety
initiatives including crack downs on speeding and drink driving.
9.  CONCLUSION
This review of bicycle safety research in Australia looks at the major themes in the published
Australian literature. These themes are placed in a framework of relevant questions in relation
to safety decisions with a view to maximisation of benefits to the community and to
individuals. Decisions relating to introduction of regulations, product development,
enforcement, promotional and educational resource allocation and engineering design and
expenditure all require consideration of safety aspects and this has been recognised from the
outset in Australian bicycle research.
The weight of Australian research is shown to be concentrated on the evaluation of cyclist risk
exposure and the effectiveness of crash prevention and injury minimisation programmes,
particularly helmet wearing. Increased rates of helmet wearing have contributed to reducing
serious head injuries. The challenge going forward is to bring about further reductions in injury
rates through improvements in road user education and engineering treatments. Future
research is likely to be concentrated in these areas. Due to the complex nature of safety
assessment, continued research into exposure will also be emphasised to determine the
effectiveness of programmes as they are implemented. Evaluation has been suggested (Wigan
1987) as a candidate for addition as a fifth element to the 4E's approach put forward in the
Geelong Bikeplan.
The future of road transport and the nature and shape of cities is a primary focus of debate in
Australia and many other parts of the world. Bicycles are expected by many to play a major
role in meeting future urban transport requirements while at the same time meeting urban
planning, community health and environmental objectives. These objectives require
consideration of bicycle safety for effective implementation and the body of research into
bicycle safety can be expected to grow in conjunction with the desire to bring about positive
change in these areas.
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